All-Electron Wavefunction of Electron Transfer
Protein Cytochrome c by Density Functional Theory

Fumitoshi Sato, Tamotsu Y oshihiro, Makoto Era &
Hiroshi Kashiwagi
Faaulty of Computer Science and Systems Engineeing,
Kyushu Institute of Technology,
lizuka, Fukuoka 820-8502, Japan

Cytochrome ¢ (cyt. ¢), which existsin the respiratory
chain in the inner mitochondrial membrane, is afamous
eledron transfer protein. The horse heat cyt. ¢ contains
104residues and a c-type heme (Fe-protoparphyrin).
Protoporphyrin is bound covalently to pdypeptide (apo-
protein) of cyt. ¢ viathioether bonds between two vinyl
side chainsand Cys 14 and 17. Residues His 18 and Met
80 form the 5-th and 6-th ligands of hemeiron,
respedively.

One of the dired methods to understand the
readivity of cyt. cisto obtain the dedron wavefunction
of cyt. ¢ quantitatively. Quantum chemicd cdculations on
proteins are @ming within range with recent moleaular
orbital (MO) methods as very large organic molecules[1-
4]. Some of them are based on the locdized orbital
method that does not provide general solutions, and the
others depend on the ab initio Hartree-Fock (HF) equation
that does not include the dedron correlation effed.
However, cdculations on metall oproteins require precise
methods containing the suitable treament for eledron
correlation such as density functional theory (DFT).

In this study, in order to revea the charaderistics
of the dedronic state in a metall oprotein, we caried out a
computation of an all-elearon wavefunction of horse
heat d®low-spin ferrocytochrome c (ferrocyt. c) [5] by
our Gaussian-based DFT MO program, ProteinDF [6]. It
may be the first full-scde DFT cdculation of a
metall oprotein. The numbers of atoms, eledrons, orbitals
and auxili ary functions are 1,738 6,586, 9,600 and 17,578,
respedively.

MOs of d®-low-spin ferrocyt. c are delocdi zed
over the whole moleaule, and it is no exception for the
orbitals which 3d orbitals of Fe participate in. We show
the 3 dmensional (3D) graphics of the 3293th highest
occupied MO (HOMO) with cyt. ¢ structure in Figures
1A-D, where the isosurfacevalues are (A) +0.05, (B)
+0.005, (C) +0.0005and (D) +0.00005, respedively. The
scdeof Fig. 1A ismagnified by twice Ascanbeseenin
Fig. 1A, the main components of HOMO are 3d orbitals
of Fe, and the grossatomic orbital population indicates
that the components of d,y, d,, dy, and the total of d
orbitals occupy 65.4, 10.5, 9.3 and 852 %, respedively.
Those of dxz.yz, Us2.r2 @re under 0.1 %.

ThisMO is considered asthe carier bag in
eledron and hole transfer, sincethe task of transferring
eledron is undertaken by oxidation/reduction readions of
hemeiron. It is delocdized over the whole molecule and
attains the outside of cyt. ¢ with almost keeping the phase
of dy, within dozens of A (Fig. 1A-C). HOMO spreads
out from Fe and isrelatively off center within the
moleaular structure (Figs. 1C and D). It is obvious that the
extent of HOMO is abnormally broad to compare with 3d
Slater type atomic orbitals of Fe. At long distance dedron
transfer in metall oproteins, it has been considered that the
direda coupling between cyt. c HOMO and acceptor
orbitalsis extremely small. However, Fig. 1 suggests that
the dired coupling between cyt. c HOMO and acceptor
MOs cannot be ighored in the processes of eledron

transfer in cyt. c.

Figure 1: The 3D graphics of the 3293th MO (HOMO) in
d®low-spin ferrocyt. c. The isosurface values are (A)
+0.05, (B) +0.005 (C) +0.0005 and (D) +0.00005,
respedively. Dark and bright isosurfacesindicae plus and
minus regions of MO, respectively. The scde of (A) is
magnified by twice

Our computational data of this study give
important information to the further MO cdculations for
larger proteins. The cdculation was carried out with
workstation cluster composed of 15 Alpha workstations
and converged with 59 SCF iterations. The total elapse
time for the first iteration of SCF cdculation was 74,676
sec(20.74 hrs) in cyt. c. The slope between the dapse
time of total cdculation and the number of orbitalsin the
parts of and whole of cyt. ¢ by logarithm-logarithm plot is
2.4, which gives us one of the standards to compute the
larger proteins. Nowadays sme computer centers contain
about 1,000 times larger resources than those used in this
study, so that it is possble to cdculate the 10 times larger
moleaules (100,000 orbitals). Then, important
membranous proteins such as photosynthetic proteins are
in the range of computations.
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